Introduction
Recent liver resection for cancer has been performed with satisfactory operative morbidity and mortality (1) (2) (3) (4) (5) . Serum transaminase levels are a most convenient and reliable indicator of liver ischemia following surgery (6) (7) . Serum transaminase levels easily increase following liver transection, hepatic pedicle clamping during liver resection and other operation-related factors (6, 8, 9) . However, the increase in serum transaminases was commonly transient and recovered to within normal ranges for the first 7 days postoperatively.
High elevations in aspartate aminotransferase (AST) or alanine aminotransferase (ALT) in the early postoperative period are considered one of the phenomena reflecting severe complications. Because, the lack of remnant liver parenchyma or wide ischemic area in the remnant liver after resection may be the principal issues leading to severe complications (5) . Therefore, surgeons pay attention to high postoperative transaminase levels as a marker of crisis.
In clinical situation, we sometimes encountered high elevation of transaminase (≥ 1,000 IU/L) after liver resection however, the importance of this issue remains unsettled. (6) No studies to date have analyzed the area of ischemia at the time of high transaminase elevation. Thus, we routinely checked the postoperative liver ischemic area on POD2 to clarify whether a high transaminase elevation predicts severe complications and reflects the ischemic area on CT.
Summary
To clarify whether high transient elevation of serum transaminase predicts severe complications and is related to the ischemic area on CT. Postoperative laboratory data and ischemia area on CT were analyzed on the basis of the presence of high transaminase elevation (aspartate aminotransferase (AST) > 1,000 IU/L within postoperative day (POD) 2 after liver resection. In the high elevation group, volume of ischemic areas was assessed by CT on POD2. The 538 patients were divided into a high transaminase group (n = 51) and a control group (n = 487 
Patients and Methods

Patients
We retrospectively analyzed the data of consecutive patients who underwent liver resection for cancers. Perioperative laboratory data were collected before the operation, just after the operation, and on postoperative day (POD) 1, 2, 3, 5, 7, 30, 90 and 180. Then, the patients were divided into two groups according to the presence of high transaminase elevation (AST > 1,000 IU/L) on POD2. Operation-related variables (tumor factors, operation time, liver ischemia time, intraoperative blood loss and procedure) and outcomes in the early period (all complications, severe grade comprications according to Clavien-Dindo classification > grade3 and duration of postoperative hospital stay) were analyzed (10).
Volumetry
On POD2 all patients were routinely performed to check ischemic area and portal vein thrombus. Volumetric analysis was performed when the serum AST level reached ≥ 1,000 IU/L within POD2. Three-phase contrast-enhanced dynamic CT scans (unenhanced and hepatic arterial, portal venous, and liver parenchymal phases) were performed using a 64-detector row scanner (Aquilion 64; Toshiba Medical Systems, Tokyo, Japan). The total dose of nonionic iodinated contrast medium was 600 mgI/kg body weight of iomeprol (350 mgI/mL), administered over the course of 30 s using an automatic injector. Scanning was performed in the arterial phase (37 s), in the portal venous phase (60 s), and in the delayed phase (150 s). Portal-phase images were used for volumetry. When ischemic regions were confirmed on CT, CT-based volumetry was performed using portal venous phase images. The calculation of ischemic liver area has been described elsewhere (11) (12) (13) . Follow-up CT was performed at 1 week and at 1, 3, and 6 months after operation.
Surgical procedures
Anatomical resection of Couinaud's segment was the first-line operative procedure for hepatocellular carcinoma (HCC) when the patient had sufficient functional reserve. In cases of metastatic liver tumor, partial resection with adequate surgical margins was the first-line procedure. Details of the indications and procedures have been described previously (14) (15) (16) . Minor hepatectomy was defined as limited resection or resection of up to two Couinaud's segments. Hepatic parenchymal transection was guided ultrasonographically and performed by the clampcrushing method with the inflow-blood-occlusion technique, and Glisson's pedicle was tied and divided with silk thread. Standard systemic antibiotic therapy with cefazolin was routinely administered immediately before surgery, then twice daily on POD1-3.
Statistical analysis
Data are expressed as median and range or as absolute value and percentage. Student's t test, the χ 2 test, and Fisher's exact test were used for univariate analysis, as required. Multivariate analysis was performed using logistic regression. Odds ratios with 95% confidence intervals derived from logistic regression analysis were calculated. The period until the onset of infection was analyzed using the Kaplan-Meier method, with comparison by the log-rank test. Values of P < 0.05 were considered indicative of statistical significance. All analyses were performed using a statistical software package (JMP version 9.0; SAS Institute, USA).
Results
Patients
Between January 2008 and December 2010, a total of 538 patients underwent liver resection for malignancy. These patients were divided into a high transaminase group (n = 51) and a control group (n = 487) according to laboratory data on POD1 ( Figure 1A,B) . Concentrations then gradually decreased and returned to within normal range by POD7.
Multivariate analysis for high transaminase elevation
Operation-related variables were further analyzed by elevation group (Table 2) . Total number of postoperative complications was significantly higher in the high transaminase elevation group (9 [17.6%] vs. 68 [14.0%], p = 0.04), whereas the number of severe complications according to the Clavien-Dindo classification (> Grade III) (p = 0.474) and duration of postoperative hospital stay (p = 0.07) did not differ significantly.
Transaminase levels increased rapidly just after multivariate analysis regarding influences on high transaminase elevation (Table 3) . Operation time > 500 min (odds ratio, 4.86; 95% confidence interval, 2.40-9.89; p < 0.001) and liver ischemia time >120 min (odds ratio, 3.47; 95% confidence interval, 1.97-7.17; p < 0.001) were independent predictors of high transaminase elevation.
Volumetry
The median volume of ischemia was 63 mL (ranged, 4-210 mL) when the high transaminase elevation was confirmed on POD2. The correlation coefficient of AST was R 2 < 0.001 and ALT was R 2 = 0.005. No causal relationships were observed between each transaminase level and volume of ischemic area on POD2 (Figure  2A,B) .
Discussion
We identified operation time (> 500 min) and liver ischemia time (> 120 min) as significant predictors for high transaminase elevation, although this elevation was only transient and did not predict severe complications. Moreover, the ischemic area just after operation did not correlate with the concentration of transaminase.
High serum transaminase levels after liver resection strongly suggest severe damage to the liver parenchyma. Severe liver injury in which transaminase levels exceeded 1,000 IU/L just after the operation has been considered to predict secondary liver failure. The mechanism of injury mainly depends on ischemic reperfusion injury during liver resection or the presence of an ischemic area in the remnant liver at a result of liver resection and other reasons related to the operative procedure. However, whether a significant correlation exists between high transaminase elevation and severe complications remains unclear (17) (18) (19) . Moreover, which factor is the main cause of high transaminase elevation is unclear. The present study revealed that the main cause of high elevation did not reflect the ischemic area in the remnant liver, but rather ischemia time during the operation.
Multivariate analysis revealed operation time (> 500 min) and liver ischemia time (> 120 min) as the significant prognostic factor for high transaminase elevation. However, the occurrence of severe complications and postoperative hospital stay did not differ significantly between groups, because this population had significant better liver functional reserve. Therefore, complex or large-scale liver resections were performed for patients with sufficient liver function. As a result, a large release of liver enzymes is seen from livers with good functional reserve.
Elevation of transaminases is well known to be transient and to subside within one week. In contrast, the recovery of liver parenchyma after liver resection is not fully understood. In the present study, three-phase enhanced CT enabled visualization of the ischemic area in liver parenchyma. This enabled to confirm blood flow in the liver parenchyma phase by phase. Ischemic areas may recover with hypertrophy of the remnant parenchyma or apoptosis of the ischemic liver parenchyma. However, no previous study has shown the relationship between high elevation of transaminases and ischemic area on CT. We found that the median ischemic area on CT volumetry was only 63 mL, even if transaminase level exceeded 1,000 IU/L.
In conclusion, postoperative routine CT on POD2 is useful to check the ischemic area and portal vein thrombus due to the operation procedure. High elevation of transaminases reflects mainly the length of liver resection and does not predict severe complications, even for > 1,000 IU/L. Because it is not correlate to the liver ischemic area after operation.
